We describe two new methods we have developed for measurement of local chemistry and tempertaure using scanning ion and electron beams.
1.0 % to be detected within a (50 nm) 3 voxel.
In the second method, we have developed a new non-contact approach to measurement of temperature with nanoscale spatial resolution, thermal scanning electron microscopy (ThSEM), by quantifying the effects of thermal diffuse scattering in electron back scattered diffraction (EBSD) patterns. Figure 2 shows the result of intensity traces across a (400) Kikuchi line in an EBSD pattern recorded from a Si(001) sample with 20 keV electrons in a JEOL 840 SEM [5] . As expected, the intensity of the excess Kikuchi line decreases monotonically with increasing temperature, while the intensity of diffuse scattering increases. The peak intensity in the Kikuchi line can be correlated to the predicted curve from measured Debye Waller factors using neutron scattering [6] with a coefficient R 2 = 0.986. The spatial resolution we have estimated from the 20 keV beam used for these experiments is c. 80 nm; employing finely focused low energy electron beams in a state-of-the-art field emission instrument should enable 10 nm resolution to be attained. We estimate the temperature sensitivity from our measurements to be [5] [6] [7] [8] [9] [10] o C. Most importantly, while other techniques such as scanning thermal microscopy have comparable spatial resolution and nominally better temperature sensitivity, the over-arching advantage of the current technique is that is essentially non-contact. This is a crucial advantage in making temperature measurements of nanoscale objects, such that the act of measurement itself does not substantially modify the local temperature. [7] 
